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PERFORMANCE VERIFICATION TRAJECTORIES FOR THE 
MCDONNELL-DOUGLAS HIGH CROSS-RANGE SHUTTLE CONFIGURATION 


SUMMARY 


Presented in this report are the results of performance verifica- 
tion trajectories based on the McDonnell-Douglas high cross-range two- 
stage reusable shuttle configuration for three missions as follows: 

(1) a 92.6 X 185.2 km orbit with an inclination of 55 degrees launched 
from the Eastern Test Range; (2) a 92.6 x 185.2 km orbit with an inclina- 
tion of 28,5 degrees launched from the Eastern Test Range; and (3) a 
92.6 X 185.2 km orbit with an inclination of 90 degrees launched from 
the Western Test Range, 


I. INTRODUCTION 


The purpose of this study is to verify the performance of the 
McDonnell-Douglas high cross-range space shuttle configuration as 
stated in the reference for three missions: (1) insertion of the 

orbiter with a cargo of 11,339.807 kg (25,000 lbs) into an orbit of 
92.6 X 185.2 km with an inclination of 55 degrees with the vehicle being 
launched from the Eastern Test Range (ETR) ; (2) insertion of the orbiter 
with a cargo of 29,483.504 kg (65,000 lbs) into an orbit of 92.6 x 185.2 km 
with an inclination of 28.5 degrees and launch from the Eastern Test Range; 
(3) insertion of the orbiter with a cargo of 18,143.694 kg (40,000 lbs) 
into an orbit of 92,6 x 185.2 km with an inclination of 90 degrees and 
launch from the Western Test Range, 

For all missions investigated, the trajectory shaping and vehicle 
launch weight were optimized to allow the maximum amount of weight to be 
placed into orbit. Also, the propellant tanks were loaded to capacity, 
and this amount was consumed in flight to orbit insertion. 

Although there were some discrepancies in weights in the compari- 
sons made between the data obtained from reference 1 and the trajectory 
simulations, these discrepancies are small and can be attributed to the 
difference in methods of trajectory simulation. 



The defined vehicle for each mission as stated in reference 1 dis- 
plays the capability of injecting approximately the quoted amount of 
weight into orbit. Therefore, the data presented in the reference are 
assumed to be correct from a performance consideration only. 

Appendix A contains the data obtained from the reference and the 
aerodynamic data. Appendix B contains tables and graphs of performance 
data obtained from the trajectory simulations, and Appendix C contains 
tables of pertinent trajectory parameters from the simulations along 
with definitions and symbols. 


II, ASSUMPTIONS USED FOR THE TRAJECTORY SIMULATIONS 


The following items are the assumptions used for the performance 
calculations: 

1. The configuration aerodynamic data were obtained from McDonnell- 
Douglas, These data are presented in Appendix A, Table A-4, 

2. The weight data for each mission are presented in Appendix A, 
Tables A-1, A- 2, and A-3 as specified in the reference. 

3. The missions with cargos of 11,339.807 and 29,843.504 kg with 
inclinations of 55 and 28.5 degrees, respectively, were launched from 
Eastern Test Range. The mission with a cargo of 18,143.694 kg and with 
an inclination of 90 degrees was launched from the Western Test Range. 

4. The booster and orbiter were loaded to propellant capacity, 
and the total amount was consumed in flight to orbit injection. The 
trajectory shaping was optimized to yield the maximum weight at orbit 
insertion, 

5. The vehicle lifted off with a vertical rise for 8 seconds. A 
constant pitch rate was initiated at 8 seconds and continued until 

20 seconds of flight. A gravity-turn trajectory was simulated there- 
after until separation occurred . 

6. The vehicle was assumed to be in vacuum flight after orbiter 
ignition until orbit insertion. 

7. A 10-second coast period was assumed for booster and orbiter 
separation sequence. 

8. The orbiter phase of flight was optimized by the Min-H steepest 
ascent method from orbiter ignition to orbit insertion. 
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9, The orbiter thrust level and Igp were adjusted to account for 
orbiter engine cant angles, 

10. The earth was assumed to be a rotating ellipsoid, 

11. The gross liftoff weight was optimized to yield maximum 
insertion weight, 

12. The acceleration was constrained to a 3-g limit by throttling 
the engines. 


III. EXPLANATION OF RESULTS 


The results of this study are presented in graphs and tables of 
Appendices B and C that are self-explanatory. Tables B-1, B-2, and B-3 
of Appendix B give a comparison of weight data for each of the three 
missions. The comparison is made between the data obtained from the 
reference and the data from the trajectory simulations. It can be seen 
from these tables that there are some discrepancies in weights, but 
these discrepancies are small and can be attributed to the difference 
in methods of trajectory simulation. The error in any weight difference 
is less than six- tenths of one percent of the total weight involved. 
Therefore, the weight data as presented by McDonnell -Doug las in the 
reference are assumed to be correct from a performance consideration 
only. 


IV. CONCLUSIONS 


The defined vehicle for each mission displays the capability of 
injecting approximately the quoted amount of weight into orbit. There- 
fore, the quoted amount of cargo for each mission is assumed to be 
correct since it is a function of the total weight injected into orbit 
and the propellants necessary to complete the mission. The vehicles 
designed for missions with inclinations of 28.5 and 55 degrees, respec- 
tively, have a cargo capability in excess of the 11,339,807 kg 
(25,000 lbs) and 29,843,504 kg (65,000 lbs). This can be seen from 
Tables A-1 and A-2 in Appendix A. 
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V. PRESENTATION OF DATA 


A. Appendix A presents the launch configuration, and weight sum- 
maries of the three missions as obtained from the reference along with 
aerodynamic data. 

B. Appendix B presents graphs and tables as compiled by S6cE-AER0-GT 
that were obtained from trajectory simulations. 

C. Appendix C presents tables of pertinent trajectory parameters 
from the simulations along with definitions and symbols. 
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APPENDIX A 

DATA OBTAINED FROM MCDONNELL -DOUGLAS 
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Table A-1, Weight Summary from Reference 
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TOTAL (GROSS-WEIGHT) LB 3781200 843547 842075 580077 318079 293161 278155 268720 266454 




Table A- 2, Weight Summary from Reference 1 

92.6 X 185.2 km Orbit, Inclination of 28.5% Cargo of 29483.504 kg (65,000 lbs) 
Gross Vehicle Liftoff Weight = 4,638,543 lbs (all weights are presented in pounds) 
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Table A- 3. Weight Sunimary. from 
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Table A-4. Aerodynamic Data 


Reference Aera = 929 m^ (10,000 ft^) 
High Cross -Range Configuration 


Mach Number 

‘"Do 

0.00 

.1053 

0.40 

.0712 

0.50 

.0705 

0.60 

.0730 

0,75 

.0881 

1.05 

.1652 

1.15 

.1662 

1.25 

.1595 

2.00 

.1120 

3.00 

.0778 

4.00 

,0595 

5.00 

.0472 

7.00 

.0382 

20.00 

.0382 
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APPENDIX B 
PERFORMANCE DATA 
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Figure B-1. Design Reference Mission: 92.6 x 185.2 km Orbit, 

Inclination of 55°, Launched from ETR 
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Figure B-2, Due East Mission: 92.6 x 185.2 km Orbit, 
Inclination of 28.5° ,Launched from ETR 
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B“3« Polar Mission: 92.6 x 185*2 km Orbit^ 

Inclination of 90°, Launched from WTR 
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Table B-1. Design Reference Mission 

926 X 185,2 km Orbit, 55° Inclination, 11,339.807 kg Cargo 

Launched from KSC 


Description of 
Parameter 

Units 

MDAC Quoted 

MSEC 

Simulated 

A Weight 
(Simulated- 
Quoted) 

Gross Liftoff Mass 


2,097,750 

2,096,981 

-769 

Booster Propellant 
Consumed 

kg 

1,389,807 

1,389,807 

0 

Booster Burn-out 
Weight" 

kg 

707,943 

707,174 

-769 

Boos ter Separation 
We ight 

kg 

325,316 

325,316 

0 

Total Orbiter Weight 

^g 

382,627 

381,858 

-769 

Orb iter Propellant 
Consumed 

l^g 

237,670 

237,683 

+ 13 

Orbiter Burn-out 
Weight 

kg 

144,278 

144,175 

-113 

Total Booster Weight 

kg 

1,715,115 

1,715,115 

0 

Booster Sea LeVel 
Thrust 

N/Eng 

2,446,521.8 

2,446,521.8 

0 

Booster Vacuum 
Thrust 

N/Eng 

2,691,170.3 

2,691,170.3 

0 

Booster Vacuum Igp 

sec 

439 

439 

0 

No. of Booster 
Engines 

- 

12 

12 

0 

Booster Engine 
Exit Area 

m^ 

2.40559 

2.40559 

0 

Booster Engine 
Cant Angle 

deg 

0 

0 

0 

Orbiter Vacuum 
Thrust 

N/Eng 

2,806,765.6 

2,806,765.6 

0 

Orbiter Vacuum Igp 

sec 

458.12 

458.12 

0 

Number of Orbiter 
Engines 

- 

2 

2 

0 

Orbiter Engine 
Cant Angle 

1 deg 

0 

0 

0 


"'Total vehicle weight before separation* 




Table B-2, Due East Mission 

92.6 X 185.2 km Orbit, 28.5° Inclination, 29,483.504 kg Cargo, 

Launched from KSC 


Description of 
Parameter 

Units 

MDAC Quoted 

MSEC 

Simulated 

AW 

(Simulated- 

Quoted) 

Gross Liftoff Mass 

kg 

2,104,008 

2,103,151 

-857 

Boos ter Propellant 
Consumed 

kg 

1,389,807 

1,389,807 

0 

Booster Burn-out 
Weight* 

kg 

714,201 

713,344 

-857 

Booster Separation 
Weight 

kg 

324,391 

324,391 

0 

Total Orbiter Weight 

kg 

389,810 

388,953 

-857 

Orbiter Propellant 
Consumed 

kg 

237,589 

237,682 

+ 93 

Orbiter Burn-out 
Weight 

kg 

151,553 

151,270 

-283 

Total Booster Weight 

kg 

1,714,198 

1,714,198 

0 

Booster Sea Level 
Thrust 

N/Eng 

2,446,521.8 

2,446,521.8 

0 

Booster Vacuum 
Thrus t 

N/Eng 

2,691,170.3 

2,691,170.3 

0 

Booster Vacuum Igp 

sec 

439 

439 

0 

No. of Booster 
Engines 

- 

12 

12 

0 

Booster Engine Exit 
Area 

,^2 

m 

2,40559 

2.40559 

0 

Booster Engine Cant 
Angle 

deg 

0 

0 

0 

Orbiter Vacuum 
Thrust 

kg /Eng 

2,806,765,6 

2,806,765.6 

0 

Orbiter Vacuum Igp 

sec 

458,12 

458.12 

0 

No. of Orbiter 
Engines 

- 

2 

2 

0 

Orbiter Engine Cant 
Angle 

deg 

0 

0 

0 


*Total vehicle v^eight before separation. 
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Table B-3« South Polar Mission 

92.6 X 185.2 km Orbit, 90° Orbit, 18,143.694 kg Cargo, 

Launched from WTR 


Description of 
Parameter 

Units 

MDAC Quoted 

MSCF 

Simulated 

AW 

(Simulated- 

Quoted) 

Gross Liftoff Mass 


2,088,199 

2,087,442 

-757 

Booster Propellant 
Consumed 

kg 

1,389,807 

1,389,807 

0 

Booster Burnout 
Weight* 

kg 

698,392 

697,635 

-757 

Boos ter Separation 
Weight 

kg 

327,167 

327,167 

0 

Total Orbiter Weight 

kg 

371,225 

370,468 

-757 

Orbiter Propellant 
Consumed 

kg 

237,829 

237,682 

+147 

Orbiter Burnout 
Weight 

kg 

132,727 

132,786 

+ 59 

Total Booster Weight 

kg 

1,716,974 

1,716,974 

0 

Booster Sea Level 
Thrust 

N/Eng 

2,446,521.8 

2,446,521.8 

0 

Booster Vacuum 
Thrust 

N/Eng 

2,691,170.3 

2,691,170.3 

0 

Booster Vacuum Igp 

sec 

439 

439 

0 

No. of Booster 
Engines 

- 

12 

12 

0 

Booster Engine Exit 
Area 

m 

2.40559 

2.40559 

0 

Booster Engine 
Cant Angle 

deg 

0 

0 

0 

1 

Orbiter Vacuum 
Thrust 

N/Eng 

2,806,765.6 

2,806,765.6 

i 

0 

Orbiter Vacuum Igp 

sec 

458,12 

458.12 

0 

No. of Orbiter 
Engines 

- 

2 

2 

0 

Orbiter Engine 
Cant Angle 

deg 

0 

0 

0 


-Total vehicle weight before separation. 
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Table B-4e Sequence of Events of the Mission 
with an Inclination of 55° and a Cargo of 11,339,807 kg (25,000 lbs) 


EVENT 

Liftoff 
Vertical Rise 
Pitch-over Maneuver 
Gravity- turn Flight 
Maximum Dynamic Pressure 
Booster G-Limit Reached’^ 
Separation 
Coast Period 
Orb iter Ignition 
Optimum Flight 
Orbiter G-Limit Reached" 
Orbit Insertion 


TIME FROM LIFTOFF (sec) 

0 

0-8 

8-20 (pitch rate ,35 (deg/sec)) 

20-197.441 

68.202 

135 

197.441 

197.441- 207.441 

207.441 

207.441- 403,136 
364 

403.136 


•jV 

Approximate time. 
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Table B-5. Sequence of Events of the Mission with an 
Inclination of 28.5° and a Cargo of 29,483.504 kg (65,000 lbs) 


EVENT 

Liftoff 
Vertical Rise 
Pitch-over Maneuver 
Gravity- turn Flight 
Maximum Dynamic Pressure 
Booster G-Limit Reached* 
Separation 
Coast Period 
Orbiter Ignition 
Optimum Flight 
Orbiter G-L'imit Reached* 
Orbit Insertion 


TIME FROM LIFTOFF (sec) 

0 

0-8 

8-20 (pitch rate = ,35 (deg/sec)) 

20-196.988 

68.604 

134 

196.988 

196.988- 206.988 

206.988 

206.988- 401.026 
364 

401.026 


Approximate time. 
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Table B-6* Sequence of Events of the Mission with an 
Inclination of 90° and a Cargo of 18,143.694 kg (40,000 lbs) 


EVENT 


TIME FROM LIFTOFF (sec) 


Liftoff 


0 


Vertical Rise 

Pitch-over Maneuver 

Gravity- turn Flight 

Maximum Dynamic Pressure 

/V 

Booster G-Limit Reached 

Separation 

Coast Period 

Orbiter Ignition 

Optimum Flight 

Orbiter G-Limit Reached 

Orbit Insertion 


0-8 

8-20 (pitch rate = .346 (deg/sec)) 

20-198.156 

67.708 

134 

198.156 

198.156- 208,156 

208.156 

208.156- 407.301 
356 

407.301 


■jV 

Approximate time. 
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APPENDIX C 

PERFORMANCE TRAJECTORY TABLES 
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Table C-1, Definitions and Symtols for Trajectory Tables 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 


cr 

i 

o 

1 

fir 

! 

tfl 

} 

i 

fill 

U} 

1 

rn 

0 

OQ 

0 

0 

0 

cj 

r-“ 

t 

0 

0 

0 


a 


r- 

0 

aj 

00 

<T! 

rg 

rg rg 

0 ' 

a 

0 

0 

»-4 

«a 

4 

o 

Cj 


JN 

rg 


CL 


fir 

tvj 

ID 

Ul 

0 

oq 

O 


r» 

•M 

0 

0 

rg 

OQ 

0 


0 

fipi 

O 

a o 

0| 

0 

ert 

PO 

«N 



i— 1 


00 

H 

0 

w 

ro 

ivi 


*1 

WH 


ro 

q 

00 

0 

PO 

r" 

Q 

0 

0 

Ki 


H 

ca 

fO 

0 

0 0 

oc 

rg 

0 

0 

0 

s; 


e 

4 

« 


« 


• 


ft 

4 

ft 

4 

« 

i 

ft 

ft 

» 


ft 

4 

ft 

ft 

ft 

4 

ft 

ft 

ft 

Vt ft 


a 

ft 

ft 

i 



eo 


fir 

n 

#>• 

q 

0 

« 


UJ 

0 

fir 

PO 

«N 

«»1 

r-t 

O 

0 

0 

0 

r«- 

r<* 



0 

0 

0 

IT in 

0 I 

0 

a 

a 

pm 

13 


r\i 


eg 

N 

rg 



•s 




- 


'I 

f»«l 


«« 

















1/1 


! ty’ 

oi 

fO 

00 

00 

u> 

0 

«N 

00 

rn 

U9 


o 

0 

0 

0 

rg 

fir 

0. 

po 

10 

oo 

a 

d 

m 

pm 

OS 

oo eo 

IT- 

0 

0 

pm 

r** 



i 

fM 

in 

on 

to 

va 

0 

0 


0 

0 


r- 

0 

0 

K1 

fir 

p»^ 

rg 

a 

o 

rg 

\o 

vO 

0 


in 

U5 0 

*-♦ 

rg 


0 

OQ 

«* 

up 

t.li 

, rg 

c\ 

rg 

rg 


fiii 

0 


0 

*s 

m 

tc 

0 

rg 

0 

a 

0 

0 

! Pn 

0 

ro 

to 

iO 

0 

ro 

oo 

a- 

a a- 

a'. 

00 

rg 


CSI 


Mi 

o 

I * 
(\j 


O 

01 

CD 

IS 

ID 

0 

fir 

0 



1 


o 

a 

0 

0 

i 0 


r* 

lO 

ID 

0 

0 

0 

0 

0 0 

u> 

a 

a 

PO 

pm 

«a 

1 

1 rsj 

rg 

CNi 

t-4 


«-> 



*»i 

f-4 


•n 

1 

•H 




















t3 







































eo 

0 


0 

pm 

oa 

c 

a 


DO 

0 

ui 

rg 

rg 

a 


a 

a 


0 

OJ 

a 

0 

0 

(M 

a 

0 

0 

0 

*-j 

0 


r~ 

r-i 


: >• 

u 

^ m 

rg 

0 

a 

o 

00 


0 

o 

0 



Q 

0 

a 

0 

pm 


a 

pm 

a 

CO 

oc 

OQ 

P> 

U1 

0 

0 

0 ^ 

pm 

rg 

rg 

0 

0 


, P-> 

UJ 


r* 

0 

0 

a 


0 

0 

Q 

0 

pm 

d 

p** 

f-i 

im 


0. 

pH 

0 

OJ 



m 

0 

0 

0 

0 

0 

0 

0 

m 

pm 

O 

a 


l-t 

0 

1 

1 « 

ft 

« 

ft 

« 

4 

ft 

ft 

ft 

s 

Q 

1 

ft 

ft 

ft 

ft 

a 

ft 

ft 

ft 

ft 

ft 

e 

ft 

ft 

ft 

a 

» 

e 

a 

ft 

ft 

« 

ft 


0 

*s 

. rg 

0 

0 

rg 

0 

pg 

0 

fm 


0 

rg 

0 

d 


0 

00 

0 


m 

a 

p>» 

0 

a 

p- 

pg 


rg 

0 

a 

a 

0 

0 

a 

0 

a 


0 

H* 

0 


rg 

pm 

a 

IS 

«w 

0 


0 

m 

rg 

r- 

rm 

0 

0 

04 

0 

0 

OJ 

0 

o> 

04 

*>n 

a 

0 

0 

0 

r-i 

p' 

0 

tr: 

a 

cx 


U. 

0 

0 

•s* 

a 

r* 

d 

a 

r» 


a 

0 


0 

00 

JN 

0 

0 

n 

0 

d 

a 


0 

0 

0 

0 

0 

0 

0 

0! 

cv 

0 

0 

a 

<a 

Q 

UJ 


• pm 

pm 

a 

a 

a 

0 

0 

0 


ui 

0 

PH 

p^ 


« 

m 

00 


0 

a 

Q 

a 

0 q 

a 

a 

0 

a 

0 

a 



(\ 

OJ 


t-H 


0 

0 

c 

a 

pm 

0 


c 

pm 

C 

b: 

a 

0 

0 


a 

0 

p* 

r- 

0 


0 

r- 

IS 

0 

00 

0 

0 

0 

a 

a 


pm. 

0. 

t— 

u 

cc 

a 

pm 

a 




0 

pm 

0 

0 


■-n 

0 

a 

0. 

p- 

rw 


a 

r- 

0 

0 

0 

fPS 

OI 

a 

a 

a 

TO 

0 


C 

pm 

«5 

0 

OL 

pm 

p' 

a 

pm 


0 

|S 

0 


pm 

rg 

0 

0 

a 

a 

a 

pm 

p- 

a 

0 

a 

0 

0 

0 


0 

0 

0 

0 


c 

0. 

r- 


0 

ft 

ft 

0 

S 

0 

4 

a 

a 

« 

> 

9 

ft 

a 

ft 

a 

fi 

a 

ft 

0 

ft 

« 

« 

a 

ft 

a 

ft 

a 

a 

a 

a 

a 

a 

« 

t 

0 

■V 

0 

C 

cc 



IS 


0 

rg 

0 

0 

a 

rg 

»-r 

,.4 

•— 


rg 

pm 

0 

r*- 

c 

c 

C 3 

r- 

pm 

0 

0 

0 


r- 

f-H 

0 

t-i 

(X 

a: 

OC 

P** 

0 

0 

a 

a 

i/. 

u 

0 

0 

p^ 

0 

0 

c 


rg 

pm 

a 

0 

0 


0 

r^) 

im 

Oi 

0. 

4— 

r-< 


Ot 

PO 

0 

0 

0 



S 

f— 

rg 

pm 

a 

0 

0 

r- 

0 

0 

C 


rg 

a 

u. 

0 

p"* 

0 

01 

s 


rg 

0 

pm 

rm 

pm 

fO 

pm 

pm 

»m 

a 

0 

0 

p^ 





l-i 



d 





0. 


0. 

rg 

OJ 

OJ 

r- 

OJ 

Oi 

pm 

pm 

pm 

pm 

pm 

im 

pm 

p^'. 

pm 

rm 

pm 

im 

pm 

pm 

pm 


d 

5 

4-1 

g 

U 


^f-.r-C3Ctru:coccp«-irMocirir^oo-»»"fra-oopriroc^O't7<r'Uf<^u3ajM 
uja-crin a-or tNiy^'<u»r-p*«rcrrop^c\jr>o*-'(rroLncaCoco'^a^jcr'arroaor‘K» 
ir>r>Ln*-n uitn a-u;rsiCcrflOUJi-»crfMiJ3aru;aoop<»(rcnr^i-if^mrri^<^QOa cm 

( f\iino'iTcri jiTo"isrOLO**^**^J^^^’'^'3r^aQ<nQOi'^»^r^trimi^f\4rNi 
a-srirui i/jiD iiVi>u.r^i^®ODncCTi(rflr. .*--<cxtvrx»^ 


II 

<i 


0 

PC 

0 

a 

0 

« 

0 . 

0 * 

0 

0 

a 

04 

OJ 

a 

0 

rg 

w 

0 OI 

0 

pm 


a 

a 

0 

0 

OI 

o* 

rv 

i-ft 



, 0 

0 


pm 

0 

ocj 

0 

P» 

rg 

sr 


Cp 

Oj 

3 

0 

0 

OJ 

t— 

' rg 

rv 


0 

a 

a 

rm 

f-< 

im 

rm 

im 


p- 

0 

0 

pp 

c. 

0 

0 


a 

0 

0 

t\ 

0 


0 

0 

OJ 

0. 

r- 

\x 

0 

u: 

P-- 


r** 

IS 

0 

cc 

If. 

Ul 

0 

o: 


0 

« 

V 

« 

ft 

• 

ft 

e 

ft 

• 

ft 

a 

t 

ft 

4 

ft 

ft 

ft 


ft 

ft 

• 

e 

• 

9 

e 

ft 

ft 

ft 

ft 

u 

U' 

1/ 

OJ 

r- 

0 

oc 

a 


0 

a 

c 

IS 

a 

rg 

a 

0 

0 

0 

0 

q 


P'1 

U) 

0 

0 00 

0 

r-x 

cc 

00 

cc 



•V 

0 

pm 

Oi 

>— 1 


f>“i 

rv 

im 

pm 

a 

0 

0 

0 

r- 

TO 

0 

•- 

Oi 

pm 

a 

0 

0 

0 

0 

0 

0 oq 

00 



a. 


fir 

0 

0 

r** 


0 

C3 


rg 

pm 

a[ 

0 

0 

p^ 

on 

0 

•- 

0 . 

pm 

a 

0 

0 

If 

0 If? 

0 

01 

0 

U t 

a 



1 

i 




r-i 

n 

! 

*" 

0 ; 

OJ 

*> 

Oj 

1 

Oj 

(\ 

( 

01 

rg 

! 

Oi 

pp 


pm 

rm 

rm 

rm 

PP 

pm 

pm 

pm 

pm 

rm 




1 c d 


a 

a 

4 

w 

0 


q 

Q 

j 

C 

d 

3 

d 

s 

c 

■ 3 

Q 

a 

a 

1-1 

i 

3 

3 

r-> 

1-1 



• n 

c tg 
C OT 
n ip 


bj o 
lu 

l-i LT 


c: o c C3 
;2 c: C C3 


rv u; Ci cr 
f- ^ r\j rv (N< f 


Ui C3 t 

a N i 
1^ 00 ( 
ro I 


a o a o c i 
Q o a c c ' 


U. O ar 
fn sr St 




26 


ftdsa 



Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2* Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339„807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2» Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2* Trajectory Tables for the Mission with an Inclination of 55 
' and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 


O 


3 - 

oaoaoaaoDaoaoooooooaaa 
aaaaaoaaoaaaaaaaaoaooa 
uj « in aaaacaacoaaoaaaoacacioa 

in O CD 9aaesa9S««8s«99«ea8a«a 

-a ^ -J 

r- u 

<r UJ 


CD 

• «i 

CL h- 

U.’ (D 

U- aa 

cc ac:caaacc: 3 a=:acaG 3 caoaca 

c. occciaaccccLcacoccaacioaj::. 

ccacoGc?c:c:Dcic;ac=}caooCiCc 


o 

<a 

O 


a 


CL 

U. UJ 
-J C3 


C'. K in (P on r\ 

OJ CP ««“ 3 m 3 

00 ic m c 


a-f^)rn 5 rooinr'U 5 »«oriuj-«cru; 
a-itusa-cincoa-^acacroc 
‘cn ir^ p- f\> r* Kj or fri cc m f'* CM 


r- 

or 00 

a c 




d 

O 

O 


X 

a- 

tv 

U’ 

X 

or 


e 

c C 3 a c: 3 c = c a ^ 3 w o = 12 

cc^ 3 Ccj 3 :i,c:cC:ac: 3 --i:;CC)CciCic:‘ 

CC-C 33333 c 3 QC: 33 cC 3 C 33 C 

U! U. 

tr — 


I/’ — ; 



L 


u 
1 1 




a u or tv f~. cx. It; a rv c. a u; a iv rr cl tr or r C, t'. r-^ 

or u Lt r- o o> r; C. — t\ r\ k a ir it u. r- ou r- C rr 3 

tv tv tv ri. rv tv r. K hr t-" r/- r*-; Iv^ r-* or a- 


UJ 

2 - 


36 



Table C-2* Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2« Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339,807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C- 2 , Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11 , 339,807 kg ( 25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339,807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2* Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339,807 kg (25,000 lbs) 


»-i£ra'oooor#iu)(r»*-^sfcnvpocOh»-i^(roha'u>if>*-'CTt<r>r\iOtr>«r<rirntMfva3ar 

:OiU>mrMr*-rS)*-»ot*-ia»->MixiOroocrviU^vo5r««-<o'tMNm»-«*<rtri(ninajrcf*^ 

a-oo*-'t\!aa>foin*^u?ooir>ifif>.ciQr^3‘a)ro5r<nf*^*^*^«nr^<rtr»crjxOr^r~CP 

, « • e e ^ • » , » . » , » , 9 , 9 , « « » , » ,9 ,9 

.r'tr)r'*r4.cC(^cn;a.r\<»-it\jirt(n5rQp*'irJf^tM.-<Oar-i^rooorO(viroon(rtrciro 
cce0cnrs)ifiQu3fnCp*ir^oou>iTf«cnr^ir. **^*-«f-iMQec<jctoc 

<r^f>, 5 Vitrrssij^(S>rr;r^C 3 ‘«o*-'in(rrn ajCarcotNiri^rvr^f^.-r«-r«-r^r* ^ sr ccrM 

oc«--*K)Drsj-d’cor^jriri»-,inr^^nir)Qr-«-’*-iLnr^»^o^o^ar^*^f^i^i^a-'-*(ru^ 

p..rn,-^or'uDU5arooorjr-r^r^«vjvotouj»^ioor>JtninrMfMinU5rMrNifv«rsi<vJKiUi 

K‘fnfMcnuj<S;a-f^OL;a-ur:T-*.-iirr^Ot-'^cca‘Cf^o-5i‘irtt‘-3-a'a-^a<^cO^ 

#«B 9 , 98 tti 9 B 9 ,e,e,»,»,Be»,*«*e« 8 *e 9 

if,vc*->cT(V(CP*^cror^ifiELrviUJOtnc:uiOu^*-'r»>fva-crr^^aDQ<X!o^u?of' 
f-«oocraa»-(f<*ia‘inu;o6<r*-»rsjiT irr^o;ci*-irop^pvr^r**r- r«r«* r^o^arjir 
cv»^ira'u;r*aCra.-(vn3'U3r^cnorO*-f^<a-iririnun«^ini^inir)u,oCo'C 
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rsj^iDa)f\ia'rMijDU;fvina-ffi-«ainr^U 3 r-ia“roa*-*«*ro»^u.LPu 3 -"P>--' 5 ru; 
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Table C-2* Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 


oouj^^u-tarcpcouT roujf^cproaiooooifiaruir^if^in 
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oi(N»r-fMC30f'CPr«gr«-arrnir»cnr^a,-,mirir-cnvLvLi 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 


fsjrvj i^r**«^-a'r*»«-*<ricx 3 ra<nKiacr 5 ir)KtcM«^r«*oOintn<:rHcor^u)M 

oico <FHrH*-,a’fMmaiu>MCOfotvjina)o^r»r<n»-»u3ir»cr»i^(ninrM»^a 
3 - 3 aci'a*-*K)V£Jir)crirs.co^ 4 n«uicrNo*-<cMu)ooMro*-»^C 3 cr»uiK>(nmr* 

«-?cvr^ro 3 'U)Op«-»f^tfjcDO»^u>oooiiNcvjioooQ 3 ' 00 .-iUl(rratD<r 


— ' fS! ro i^r- ro'^r^u>^i^ir>W 0 't^cNj»-'main<raicnrocDcr»aiiii\ia*-iix 

«-» — tcrd aaflr»ino'<r>iTC\jr-cna3rroo<Mu;«rsr-irinun»^r- cr oc m sr 
aciC; OO •-'»«jrau;fr,-,<ru)f^a<r'uicra’C 3 Clu>rsjirui ecoio^-^CMfsi 


, ^ ^ IM f\j ro a- 


ifjU>r>r^a 3 cr 0 'a.-t,-.r>jmarU-‘ujCDo^C^ 


o^onvo aLu’^^CJC 5 r.-ir-a-J 3 r*m{r. u;Clr\iai<ru)oc.“ir~irOu}Mcn‘jn^ 

OJ fs r«j r,; rv W' UJ u u; c: <r O' a O «-• *-» tv ro ks r<i a* a u: u/ oc C" c, 


II II I I I I 


I I I I 1 I I I I I 1 I I I I I I I I 


tr<ria: ir? r-trcr^ k-. u*. i^<r>^cviruja:a Cjvtva- u:tcocc3('ja‘ ucocitPr-. 

CcC qG •-•-»-‘*-<cvtvr\)tvf\:t^M»^rot^a-irarara Ja -srintru ir-ir. ir>tc 

Dccc^=c-c;iC:c::c.;:-ccc:cc:oc:cjCciCac:ec:ci^i^cc.cc 


rvrsiC crar tcr~ ccood ui^r-ocur 
asrC.U'C.CLLcri^r-t-'f-" 
u; LCm OC r-r'? CCU 5 r\r-t-.tvc!j 


,.-.oomrnirar^tVinc';ara'OC«—c\:r-Orv; 

a Oi f<i IT. c u; ar rg IT. o« c G' tt o' cr f~ m 
■ r-Carroro^ — CCPa:,f«*rv.tccoo*<rfrr* 


ar u' tn u; r- i 


oc ei . <r (T r* ct; i.C in ar ar ar ar ar a 


tfiy, UJCTatv^r^jv-. r~f\ji— > 3 ^C?r>tDhr! 

octx> QC <=0 ac®(X«^f\i ui-Orgitia — 'oj 

r-i u tf^ O' J*" ir r- oc o: in tG ix' r" rv tv rvi — O U C K 


IT u*) m U’ ui IP a 


a =r a ar a i^= 




, c: C fT' c C 
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Table C-2. Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 


auJin ojcofv»->rv) 00 eosaarinc< Otr^p*»Or-irocrr-»-i ocnr-r-oj-^CCOcM 
OQ mccrMfv— ^ra-jcsitr. r- 

O' (Niar u;oo:3:3u)*^tns:.r^u,0'^fna-u;r^cccccr(rrvjf\!i^. r<', rocru; oofMvc^ 


{\iucOi c\,u:<r»“'‘^t\)f\irnt<.^ropojTa'.a’cr' 3 ';T' 3 ’ir^*— •“* 

r** p» a a. cc O' <r c <T o (T c O' cr 0 * <n o”' cr cp o cn cr i i 


U; ID UJ OC O'! ^ 

U - a- ar a- cr a- IT 


a- ^ O' £?r^U 0 C'i^ 3 ‘ a'u 5 ^o^x'l^a• tM 3 ^f>occjr^afOcrr*- coujVOip P^Qf^vur*- 
ST KC 30 D 4 rtfa-{vooc«ja‘tna'fMo'' 4 rcL'i 5 ’r*‘<r*-*i^ror*»ooa(\jf^u' oOccO'p^CT' 
fN.rvru'-’^^^r^occvhoa-u. u;uj»^a.®Ccc.orcrcr<rf^»^ «ra-f\cccct\jU3»~»u' 

^^)r<^J^u^u)^~^-r^occca■, OT'acca, OTct-CCfiLcrcceros • I i I u>r<'roa-iTUiU' 
fV(vcvcvrorvc\<\ifvr«r\jfvfv(vrMrs.t\.rvc\(rscN»{Nrsj ,-,<-,.-,,-.,^#- 1 ^ 


ro<r, ir^crcr CT'ir. r«*r»-r^Oiri*-^r^c\( 00 a-C 5 u;^K>f^r'' mcc ccct C'C 3 *-iK!a- 
Q t-n r-. (v m P' a- sr u U' u> r*- cc o- O' c O ^ tv cni ^ k. a- a- a* a- a uj f"* CR <r 

rvK'fSi rofs:cvrN!tvc\jrs>(vrv.rorsjrvtvPOf>npo»«oPor>npoPorr poporof^^roropcrofo 

I * I I 1 • « I I I I » I » I I I j j I I j I I I 1 j t r I r I I I* 


K irr^ cn»-.t\.a uccCi- rnLf'P**oiCc\<au.r«* 0 '»^ryt\(f<r, au.U 3 a:u C-f*^r^C 
tx’*Dir'-t''r-t'^r^t*-p..ccoocccotOooCPo'iO^O''tro^CcCacci 3 cC»-*i->f~.pv! 
c.'=::;CcC.c.Cc.CcCcCcCcc:c;Cc’~r--'f-»-»-«^»-.'i->.-, — — 


u«o*PC p-aaPrr-'t\jacratvcu 3 auj(xif)r**r\>crr«o^aa;a ro*-pncNc 

rr C t\ 1 / F" u- er fs, r- u U' o: u, r- k; <T c C 0 cc ph pm c tn tv uj cr rs; <k a- tv 
inpr<\.t 3 ajr**'iX;r“ixir^Clur'«-»ioCar>trt\ir«ririno'aaaPo^O''CraccPOo’ 

u,ina t'i I rvauJcco'»-<fvaiDvot>'ac»-'rs)fV^'~'»-'*^occrtr-ZlS»«»-i 

I t » t »^«~Mc\jtV‘f\,p^pnr^rrrv<-,^c\itvrM(v 

I I i t I I t I I t t « t t I I ( f t I I t 


-j ^tctr c®' era' aP^atf' p^-cr»(^in aaU"r- 

sacctV(jy^ii,ac 3 au^a*-i'ircoi 2 3 t®ir, '™uj^C 5 ® 5 (»^px.j^r**QQ(nf^(j;j ^<30 

Cs u: rv cn IT tv tv cc a- <5'> -r cr- a tr tv ^ a co tv ui cr c i/j ui tn ir U' c C- fv ro Ln u; 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-2, Trajectory Tables for the Mission with an Inclination of 55 
and a Cargo of 11,339.807 kg (25,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3« Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28. 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table G-3„ Trajectory Tables for the Mission with an Inclination of 28,5 
and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28^5 
and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C- 3 . Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29 , 483,504 kg ( 65,000 lbs) 
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Table Trajectory Tables for the Mission with an Inclination of 28,5 

and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C-3, Trajectory Tables for the Mission with an Inclination of 28,5 
and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28. 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3* Trajectory Tables for the Mission with an Inclination of 28,5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28. 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3. Trajectory Tables for the Mission with an Inclination of 28.5 
and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C“3, Trajectory Tables for the Mission with an Inclination of 28,5 
and a Cargo of 29,483.504 kg (65,000 lbs) 
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Table C-3* Trajectory Tables for the Mission with an Inclination of 28,5 
and a Cargo of 29,483,504 kg (65,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C-4, Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143,694 kg (40,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143,694 kg (40,000 lbs) 

(Continued) 
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Table C-4, Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143*694 kg (40,000 lbs) 

’Continued) 
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Table C-4, Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143*694 kg (40,000 lbs) 

. (Continued) 
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Table C-4, Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143*694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C- 4 , Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18 , 143.694 kg ( 40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 

(Continued) 
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Table C-4. Trajectory Tables for the Mission with an Inclination of 90 
and a Cargo of 18,143.694 kg (40,000 lbs) 
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